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Description 

1. Field of the Invention 

5 The present invention relates in general to an improved process for drying and purifying gas streams 
by the selective adsorption and removal of impurities, preferably water and optionally one or more 
secondary impurities contained therein, such as carbon dioxide, sulfur dioxide, hydrogen sulfide and 
acetylenically unsaturated hydrocarbons, in a fixed bed of zeolitic molecular sieve adsorbent wherein the 
adsorbent bed is periodically regenerated by purge desorptlon using as the purge gas a non-sorbable gas 

,0 stream at an entrance temperature of from 55 ' C to 100 ' C. Of critical importance to the process is the use 
of certain cationic forms of zeolite X which permit the use of low regeneration temperatures while increasing 
the efficiency of the adsorption purification or drying stage of the process cycle. Because it is necessary to 
raise the purge gas temperature only slightly above ambient, the energy required in this regard can readily 
be recovered from the heat of compression created in increasing the pressure of the feedstock gas stream 

IS to operating pressures. 

2. Description of the Prior Art 

It is well known in the art to dry or otherwise purify gas streams by selectively adsorbing water or other 
impurities therefrom using zeolitic molecular sieve adsorbents in a fixed adsorbent bed. It is conventional 
practice in such processes to carry out the cycle of (a) passing the impurity containing feedstock gas 
stream through the fixed bed. which initially contains activated zeolitic adsorbent, for a period not exceeding 
the time at which the effluent from the bed contains more than the desired concentration o» 'mpurrty: (b) 
diverting the flow of feedstock from the bed and, countercurrently to the direction of ftow of the feedstock 
through the bed. passing a stream of a relatively non-sorbable purge gas through the bed to remove 
feed^ock constituents from the bed void space and, at an elevated temperature, continuing to pass the said 
purge gas through the bed to raise the temperature of the adsorbent mass above the temperature at which 
step (a) was carried out. whereby the adsorbed impurity is desorbed to a level commensurate with the 
degree of bed reactivation desired, and (c) cooling the bed to the temperature required for step (a) and 

'°^*'J?oiTss''o'f'«nis type is described in US-A-3,808,773 issued May 7. 1974 to J. Reyhing et al. In the 
specification the patentees point out that because of the very strong adsorptive affinity zeo itic mo ecular 
sieves have for the highly polar water molecules it is necessary to raise the temperature of this cla^ of 
adsorbents during desorptlon (regeneration) higher than is required in the case of other adsorbents such as 
silica gel or activated carbon. Accordingly, it is further reported, the producers of zeolitic molecular sieves 
have historically recommended temperatures of 200-C - 30O'C for purge-desorption regenerabon of 
molecular sieves which have been employed for gas drying purposes, in order to remove a satisfactory 
amount of the adsorbed water. It is. moreom. generally perceived by those skilled in the art. that purge 
regeneration temperatures should not be below th^boiling point of water at atmospheric pressure i.e^ 
100- C if a commercially feasible operation is to be achieved. Temperatures of from 100 C to 200 C are 
employed in the drying process of Reyhing et al. for the purge-desorption Step, and with the precaution that 
the preceding adsorption-purification stroke be terminated upon the breakthrough of another and less 
readily sorbable impurity which must also be present in addition to the water impurity. 

It has now been discovered, however, that in processes for purifying gas streams in fixed beds of 
zeolitic molecular sieves. It is possible and economically feasible to carry out the periodic purge^Jesorption 
of the adsorbent bed using non-sort)able purge gas streams at temperatures of less than 1 00 'C. even 
when the impurity comprises water vapor. Temperatures as kw as SS'C. have been found to be 
satisfactory Such is found to be the case whether or not there is a secondary and less sort)able impunty In 
the feedstock in addition to the water impurity. 

US-A-388S927 disctoses a process for selectively adsorbing carbon dioxide from gas streams compris- 
ing nitrogen and carbon dioxide by utilizing as the adsortjent a barium cation form of zeolite X 

Accordingly, it is the general object of the present Invention to provide a process for the cychc 
adsorptive purification, including drying, of gas streams in which the adsorbent has a higher capacity for the 
impurity adsorbates and also is capable of being regenerated at relatively low temperatures using reduced 
quantities of non-sorbable purge gas. Such a process can readily be carried out in existing conventiona 
adsorption systems without further capital expenditure, and also without the need for increased quantities of 
non-sorbable gas. 

It Is another object to provide such a process wherein the heat energy imparted to the purge gas is 



35 



40 



45 



SO 



55 



2 



EP 0 284 850 B1 



derived from the heat of compression arising from compression of the purge gas stream or of another gas 
stream within the same process, or both. 

3. Summary of the Invention 

The above-stated objects as well as others which will be obvious from the specification appearing 
hereinafter are accomplished in the cyclic process for adsorptive purification which comprises the steps of: 

(a) passing, at a temperature of less than 100'C. . a feedstock gas stream comprising a major proportion 
of non-sorbable gas in admixture with an impurity component, preferably water or water in conjunction 
with one or more other and less readily adsorbable impurity constituents, through a fixed adsorption bed 
containing, in an activated state, a zeolitic molecular sieve adsorbent mass comprising zeolite crystals 
having the faujasite crystal structure, a framework Si/AI ratio of from 1.0 to 2.5. a cation equivalence of at 
least ninety percent (90%) with respect to divalent cation species having an ionic radius greater than that 
of the Cd** cation, and preferably greater than that of the Ca** cation, whereby said impurity 
component is selectively adsorbed on said adsorbent mass and a gas stream having a lower impurity 
content is recovered from said adsorption bed; 

(b) terminating the passage of the feedstock into the absorption bed in step (a) prior to breakthrough of 
the impurity mass transfer front; and 

(c) regenerating said adsorption bed at a temperature within the range of 55' C. to less than 100 'C, 
preferably at least 70' C to less than 100* C and higher than that employed during step (a) by passing a 
purge gas, preferably a non-sortsable purge gas, stream substantially free of at least those Impurities 
desired to be removed from the feedstock, through said bed in a direction opposite to the direction of 
flow in step (a) and for a period of time sufficient to desorb the desired amount of impurity from said 
adsorbent mass and flush same from the bed. 

4. Description of the Drawings 

In the drawings, the figure is a schematic representation of a process system in accordance with one 
embodiment of the present invention wherein the temperature of the non-sorbable purge gas used to 
regenerate the adsorption bed is raised to above 70 'C. using heat of compression resulting from increasing 
the pressure of the gas stream at some point in the process system. 

5. Detailed Description of the Invention 

In the description of the various embodiments of the invention, the various terms are employed herein 
In the same sense as commonly understood by those of routine skill in the art. Thus, for example, the term 
"activated state" as applied to the zeolitic molecular sieve adsorbent means that condition wherein the 
adsorbent masr exhibits the capacity to adsorb water, or one of the secondary impurities, from a feedstock 
gas stream passed thereover under the imposed conditions, to the degree necessary to obtain a product 
gas stream of the desired purity The term " non-sorbable" as applied herein to gases, including feedstock 
and purge gases, means those molecular species which because of molecular size, volatility or low degree 
- of polarity are not significantly adsoriDed on the zeolitic molecular sieve employed as the adsorbent under 
the imposed process conditions. Such materials include oxygen, nitrogen, hydrogen, the inert gases, 
methane carbon monoxide, and the like regardless of the pore size of the zeolitic adsorbent, and can of 
course include any molecular species for which the maximum dimension of their minimum projected cross 
section is larger than the effective pore diameter of the zeolitic adsorbent. The term "purge gas", which 
includes both sorbable and non-sorbable purge gases, does not include gases which are more strongly 
adsorbed than water vapor, or, if other impurities are to be removed from the feedstock in addition to water, 
more strongly adsorbed than the least sorbable of those impurity constituents. With respect to purge gas 
streams employed herein, such gas streams are termed "substantially impurity-free" If they are capable of 
desorbing the particular impurity or impurities loaded on the adsorption bed during bed regeneration to the 
degree that the product gas stream obtained during the post-regeneration adsorption-purification cycle 
contains no more than the desired level of the said impurity or impurities. In the case in which water is an 
impurity, the purge gas stream Is, advantageously, bone dry, i.e.. contains less than about 10 ppm (v) water 
vapor, but much higher concentrations of water vapor can be acceptable in particular process applications, 
the maximum concentration permissible being readily determined using well-known technology by those of 
routine skill in the art. The same considerations apply to the Impurity content of the purge gas stream when 
impurities other than or in addition to water are Involved. 
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The concentration of the impurity in the feedstocks suitably treated by the present process is not a 
critical factor and can range from saturation under the Imposed adsorption-purification conditions down to 
the level of capability of the zeolite adsorbent to effect a decrease in the impurity concentration of the 
feedstocl< upon passage through the adsorbent bed. 

s The principal components of the feedstocks include, but are not limited to air. oxygen, hydrogen, 
nitrogen, helium, neon, argon and methane, and can contain as impurities in addition to or instead of water, 
such sorbable materials as carbon dioxide, hydrogen sulfide, ammonia, nitrogen oxides, sulphur dioxide and 
olefinically and acetylenically unsaturated hydrocarbons. . . .» 

The zeolitic molecular sieve adsorbent employed in the present process. Is a zeolite having a faujasite 

10 type of crystal structure and having a framework Si/AI ratio of 1.0 to 2.5 and having a cation equivalence of 
at least ninety percent (90%). preferably at least ninety-five percent (95%) with respect to divalent cabon 
species having an ionic radius greater than the ionic radius of the Cd cation. Such cations include Ca . 
Sr** and Ba** The divalent strontium cation and the divalent barium cation are preferred cation species, 
with the barium cation being especially suitable for purposes of the present invention. The preferred zeolite 

Ts of the faujasite type for use in the present invention is zeolite X, disclosed and described in detail in US-A- 
2.882.244 issued April 14. 1959 to R. M. Milton. 

As used herein the term cation equivalence means the molar ratio MahO/AfeOs wherein M represents 
a cation associated with and balancing the net negative charge on a framewoiK AIOJ tetrahedron of the 
zeolite and "n" is the valence of the cation. In the case of monovalent cations, the ratio has a value of 1.0 

20 in an ideal zeolite crystal, but in the case of polyvalent cations the value can exceed 1.0 due to the 
Dossibility that the AIC^ distribution in the crystal lattice is such that not all can share a charge balancing 
cation, or less than the number of AlOi tetrahedral units equal to the available cation charge can share a 

^'"^Whitettle temperature at which the adsorption-purification step is carried out should be lower than the 
temperature at which the purge regeneration is accomplished. I.e.. 100' C, the minimum temperature is not 
critical provided it is sufficiently high to maintain the feedstock in the vapor phase at the operating 
pressures which can range from subatmospheric to 208 bar (3.000 psig) or higher. Preferably the 
adsorption-purification step is carried out at a temperature within the range of 5-C. to 50' C. at a pressure 
of atmospheric to 173 bar (2.500 psig). . ^ . ^ . . 

The adsorption stage of the cyclic process Is terminated upon the breakthrough of the least strongly 
adsorbed of the impurities sought to be removed from the feedstock. Thereafter the countercurrent purge 
regeneration is carried out with a purge gas of appropriate purity. Suitable purge gases include but are not 
limited to hydrogen, neon, helium, nitrogen and methane. .......... ^ h»a. 

In the broad application of the present Invention it is not at all cntical what is the source of the heat 
energy used to provide a regeneration purge gas stream at a temperature of 55' C. to 100*0.. preferably 
70 -C to 95-C In an especially advantageous embodiment of the invention, however, it has been found 
that the heat generated by compressing a gas stream in some phase of the overall process Involving the 
purification operation Is often sufficient to heat the purge gas stream to the necessary, ^perature of 
between 55 -C. and 100'C. Commonly the feedstock to be dried or othenwise purified and optionall5(,further 
processed. Is compressed from ambient pressure up to several atmospheres followed by cooling m order to 
condense out a portion of the starting water content, and/or to increase the vapor pressure of other impurity 
components of the feedstock to the adsorption drying beds with a consequent increase in ttie adsorption 
capacity of the zeolitic adsorbent for such other impurities. The heat energy removed from the pressunzed 
feedstocks in the compressor after-cooler has heretofore been substantially wasted since it is normally too 
45 tow in intensity to be utilized elsewhere. For purposes of the present P'Ofesf however, this heM o^ 
compression is recovered substantially by heat-exchanging the compressed feedstocks with the available 
low-temperature purge gas. and while only relatively modest increases In the purge gas temperature can be 
accomplished, such temperature elevation is frequentiy sufficient for the process of the present invention. 
Other sources of available heat energy resulting from the compression of gases can be present in oflier 
so phases of the overall process. For example, if refrigeration apparatus is employed, the heat produced by 
compressing the refrigerant is a possible source of heat for tine purge gas. Also if one of the Product gas 
streams is to be pressurized for storage or pipeline transmission, this heat of compression can be similarly 

The pressure of the purge gas stream passing through ttie adsorption bed during the purge desorption 
ss step is within the range of 0.07 (1,) to 6.9 bar (100 psia). 

4. Description of the Drawings 
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In the drawings, the figure is a schematic representation of a process system in accordance with one 
embodiment of the present invention wherein the temperature of the non-sorbable purge gas used to 
regenerate the adsorption bed is raised to above 70 -C. using heat of compression resulting from increasing 
the pressure of the gas stream at some point in the process system. 

In order to illustrate the broad aspect as well as a specific embodiment of this Invention, the following 
description with references to the figure of the drawing is provided in which the objective is the purification, 
by the removal of water and carbon dioxide, of an air stream which Is to be further subjected to a cryogenic 
separation. With reference to the drawing, feedstock ambient air containing 370 ppm (v) of carbon dioxide 
and saturated with water vapor enters the system through line 10 at a temperature of about 37 'C. and 1.01 
bar (zero psig). and is compressed to a pressure of 7.9 bar (100 psig) in compressor 12. As a result of this 
pressurization. the temperature of the feedstock is raised to 93* C. From the compressor 12 the gas stream 
passes through line 14 and enters heat exchanger 16 at a temperature of about 08* C. In the course of 
passage through heat exchanger 16, the temperature is decreased to about 38* C. and is discharged 
through line 18 to chiller 20 containing refrigerant compressor 22. Condensed water is removed prior to the 
passage of the gas stream from chiller 20 and the effluent therefrom is at a pressure of 7.2 bar (90 psig) 
and a temperature of about 5*0. The effluent is saturated with water vapor and contains essentially all of 
the original carbon dioxide content, and is passed through line 24, valve 26. and line 28 to adsorbent bed 
30 containing as the adsorbent, trilobal-shaped pellets of a 90 equivalent per cent strontium exchanged 
zeolite X. Flow through bed 30 is continued until the carbon dioxide mass transfer front, formed by the 
adsorption of carbon dioxide from the gas stream, approaches the egress end of bed 30. but prior to 
breakthrough of that front. The water impurity being much more strongly adsorbed than the carbon dioxide, 
the water mass transfer front will be between the ingress end of the bed and the carbon dioxide mass 
transfer front. The dry and carbon dioxide free effluent air stream from bed 30 passes through line 32. valve 
34 and line 36 to cold box 38 wherein liquefaction and distillation occur as the means of separating the 
nitrogen and oxygen from admixture and producing essentially pure components. The pure oxygen is 
passed out of the separation unit 38 through line 40 and Is compressed in compressor 42 for removal from 
the system and storage. Conventionally at least a portion of the pure nitrogen product is vented to the 
atmosphere for commercial reasons, and is thus a waste gas stream. The marketable nitrogen is passed out 
of the system through line 44 and compressor 46. In the present process, a stream of the waste nitrogen is 
fed from cold box 38 at a temperature of about 5* C, and a pressure of 1,7 bar (10 psig) through line 48 to 
heat-exchanger 16 wherein it is heated by the incoming feedstock to a temperature of about 79 'C. and is 
thereafter passed through line 50. valve 52 and line 54 to the bottom of adsorbent bed 56. Bed 56 contains 
the same adsorbent as in bed 30 and on the previous cycle has been used to dry the feedstock passing 
through line 24, Accordingly the bed contains a loading of adsorbed water and carbon dioxide and requires 
regeneration before again being utilized for adsorption-purification. The dry nitrogen stream, even though it 
is only at a temperature of about 79 •C. is found to be suitably employed as the purge gas to desorb the 
water from bed 56. Desorbed water and carbon dioxide is passed out of the system through line 58. 

It is to be noted that in the system described* Irmnediately above, the direction of the flow of the 
feedstock through the bed during the adsorption purification step is upward and that in the purge desorption 
step, the flow of the purge gas stream is downward through the bed. This Is believed to be the best mode 
for carrying out the processes of the present invention involving the removal of water as an impurity, since It 
can enhance removal of condensed liquid water due to gravity during purge desorption. 

Although not utilized in the process embodiment set forth above, compressors 22. 42 and 46 all 
produce heat which can be used to heat a purge gas stream to the relatively low levels required. The purge 
gas need not be nitrogen or even be derived from the process system which Is in operation. The Invention 
is further illustrated and the advance in the art provided by the present process cleariy demonstrated by the 
following comparative example in which a polyvalent metal exchanged form of zeolite X is compared to a 
conventional sodium cation form of zeolite X in the process for removing water vapor and carbon dioxide 
from an air stream. In the procedure, two fixed adsorption beds were employed. Unit #1 containing about 
3422 kg (7545 lbs.) of a barium exchanged zeolite X containing a cation equivalence of barium cations of 
greater than ninety-five percent (95%) and having a framework Si/AI ratio of 1.25. Unit #2 contained 
essentially the same volume of sodium zeolite X having the same framework Si/AI ratio. In each of the units, 
air containing 145 ppm water vapor and 350 ppm carbon dioxide was passed upward through the bed at the 
rate of about 17415 rn^/h (615.000 ft^/hr) at 6.8 bar (98 psia) and at a temperature of 5* C. The adsorption- 
purification step was terminated in each case just prior to breakthrough of 0.5 ppm carbon dioxide. 
Thereafter the bed was regenerated countercurrently using a dry nitrogen purge gas. and then returned to 
the adsorption mode wherein the same feedstock composition was purified until the same degree of carbon 
dioxide breakthrough occurred. The regeneration time for Unit #1 was equal to the adsorption time for Unit 
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#2 and vice versa during the cycles at each ot the temperature conditions specified. In all. six different 
ofoc^s wcles were Sed out - - three in each unit, wherein different regeneration temperaU^res and 
Surge ga?^5ow raS were employed. Each cycle in one unit was duplicated in the other un,t. The results 
are shown in tabular form below: 

TABLE I 





Regeneration 
Temp., • C. 


Purge Gas m^/h Row Rate, (tt3/hr) 


Breakthrough Times, h (hrs) 


70 




Unit#l (BaX) 


Unit#2(NaX) 


76 


288 
163 
82 


1699 (60,000) 
2124(75,000) 
2492 (88.000) 


14.75 
13.78 
10.90 


8.42 
7.63 
6.70 
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The results reported above clearly establish the following facts: 

(a) Both adsorbents can be regenerated with low level energy. h..* i« «h« 

(b) ^e lower the regeneration temperature the shorter the adsorption punflcation step due to the 
presence of higher levels of residual impurities on the regenerated bed. 

tef ^e breakthrough time for the adsorbent containing the polyvalent cations in accordance witti the 
pts?m irention when regenerated at only 82 • C. is still significantly longer than the breakthrough time 
foTe onventional zeolite 13X after regeneration at 288-C. ^ ^^^'J^^^^' 

lesser quantity of the polyvalent metal zeolite X adsorbent is required for the same amount of CCfe 
ScaSril in the ca^e of conventional 13X. in the particular instance demonstrated above. th.s 

results in purge gas savings of the order of 40 percent. 

« wi! be apparent to those of ordinary skill in the art that various modifications can be made of the 
present invention without departing from the proper scope thereof. 

30 Claims 

1. Process for adsorptive purification of vapor phase feedstocks which comprises the steps of: 

Tat^sing. at a temperature of less than 100 'C. a feedstock gas stream compnsmg a major 
^^Ip'^r^f non-sorbable gas in admixture with an impurity component through a ^'^ed adsojt^^^^ 
bed cor.taining. in an activated state, a zeolrtic molecular sieve adsorbent mass compns.ng zeo^rte 
avstals having the faujasite crystal structure, a framework Si/AI ratio of from 1.0 to 2.5. a caton 
equivalence of at least ninety percent with respect to divalent cation species having '^dius 
abater 'ihan. the Cd** cation, whereby said impurity component is selectively adsorbed on said 
adsorfentmi and a gas stream having a lower impurity content is recovered from said adsorption 

IS^ierminated the passage of the feedstock into the adsorption bed in step (a) prior to breakthrough 

of the impurity mass transfer front; and , „ i<>ce than inn* c 

(c) regenerating said adsorption bed at a temperature within the range of 55 C. to less tha^ VOO C 
and iJgher thaS that employed during step (a) by passing a purge gas. .l^^'^^f.^^^ 
anea^ those impurities desired to be removed from the feedstock, through said bed « dire J,on 
opposite to the direction of flow in step (a) and for a period of time sufficient to desorb the desired 
amount of impurity from said adsortjent mass and flush same from the bed. 

2. Process according to claim 1 wherein the divalent cation species has an ionic radius greater than the 
so ionic radius of Ca . 

3. Process according to claim 2 wherein the divalent cation is strontium. 

4. Process according to claim 2 wherein the divalent cation is barium. 

5. Process according to claim l^o 4 wherein the temperature of the purge gas is 70' C to 100' C. 

6. Process according to claim 1 to 5 wherein the purge gas is a non-sorbable purge gas. 



35 



40 



45 



6 



EP 0 284 850 B1 

7. Process according to claim 1 wherein the impurity component comprises water vapor. 

8. Process according to claim 7 wherein the Impurity component comprises water vapor and carbon 

dioxide, 

5 

9. Process according to claim 7 wherein the direction of flow of the purge gas in step (c) is downward 
through the adsorbent bed. 

10. Process according to claim 7 wherein the purge gas is brought to the temperature of 55 •C. to 100*C. 
TO by using the heat of compression of another gas phase within the same process system. 

11. Process according to claim 10 wherein the feedstock is air containing from greater than 0.1 ppm (v) to 
the saturation level of water vapor and the purge gas stream is nitrogen separated from said feedstock. 

T5 12. Process according to claim 11 wherein the nitrogen purge gas is heated to 55 'C. to 100'C. by heat 
exchange with the air feedstock, the Initial temperature of said air feedstock being greater than the final 
temperature of the purge gas by virtue of being compressed. 



Revendlcatlons 

1. Proc§d6 de purification, par absorption, de mati§res de depart en phase vapeur. qui comprend les 

operations consistant : 

(a) h faire passer, h une temperature inf^rieure ^ 100 'C, un courant de gaz, constituant la matiere 
de depart et comprenant une proportion majeure de gaz non absorbable en melange avec un 

25 composant formant une impurete, ^ travers un lit fixe d'absorption contenant, k I'dtat actif. une 

masse absorbante form^e d'un tamis moieculaire de nature zeolithique, comprenant des cristaux de 
zeolithe possedant la structure du cristal de faujasite, un rapport de r^seau Si/AI de 1,0 ^ 2,5, une 
equivalence de cation d'au moins quatre-vingt-dix pour cent par rapport k I'espfece de cation divalent 
ayant un rayon ionique superieur h celui du cation Cd**. de sorte que ie composant formant une 

30 Impurete est absorbe d'une maniere selective sur la masse absorbante et qu'un courant de gaz 

possedant une teneur plus faible en impuretes est recupere k partir du lit d'absorption. 

(b) k arr§ter le passage de la matiere de depart dans Ie lit d'absorptlon. conforme k roperation (a), 
avant que le front de transfert de masse de I'impurete ne franchisse Textremite du lit et 

(c) k regenerer le lit d'absorption. k une temperature comprise entre 55 et moins de 100 et 
35 superieure k celle employee au cours de roperation (a), en faisant passer, k travers le lit. un courant 

de gaz de purge, ce courant etant pratiquement exempt d'au moins les impuretes que Ton souhaite 
§tre extraites de la matifere de depart, ce passage ayant lieu dans un sens oppose au sens 
d'ecoulement de roperation (a) et pendant une periode de temps suffisante pour realiser la 
desorption de la quantlte voulue d'impuretes k partir de la masse absorbante et pour la chasser hors 
40 du lit. 

2. Precede suivant la revendication 1, selon lequel I'espece de cation bivalent a un rayon ionique 
superieur au rayon ionique de Ca . 

45 3. Precede suivant la revendication 2, selon lequel le cation bivalent est le strontium. 

4. Precede suivant la revendication 2, selon lequel le cation bivalent est le baryum. 

5. Precede suivant I'une des revendications 1 k 4, selon lequel la temperature du gaz de purge est de 70 
so •CSilOO'C. 

6. Precede suivant rune des revendications 1 k 5. selon lequel le gaz de purge est un gaz de purge non 
absorbable. 

55 7. Precede suivant la revendication 1. selon lequel le composant fonm6 d'impuretes comprend de la 
vapeur d'eau. 

8. Procede suivant la revendication 7, selon lequel le composant forme d'impuretes comprend de la 
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vapeur d'eau et du gaz carbonique. 

9. Proc6d6 suivant la revendication 7, selon lequel le sens de I'^coulement du gaz de purge dans 
reparation (c) est dirlgfi vers le bas k travers le lit at)sort)ant. 

^ 10. Precede suivant la revendication 7. selon lequel le gaz de purge est amend k la temperature de 55 • C 
& 100 • C en utilisant la chaleur de compression d'une autre phase gazeuse se trouvant dans le m§me 
procdddsys^me. 

,0 11. Proc6d6 suivant la revendication 10. selon lequel la matifere de depart est de I'air contenant de la 
vapeur d'eau en une quantity comprise entre une valeur sup6rieure k 0.1 ppm (en volume) et le niveau 
de saturation et le courant de gaz de purge est de Pazote s&pat6 de la matifere de depart. 

12. Proc6d6 suivant la revendication 11, selon lequel la temperature du gaz de purge, constitud d'azote. est 
portde Si 55 'C & 100 'C par ^change de chaleur avec la maflfere de depart. formSe dair, la 
temperature initiale de la matifere de depart fonn6e d'air 6tant sup6rieure h la temperature finale du gaz 
de purge du fait qu'elle est comprimee. 

Patentansprtlche 

1. Verfahren zur adsorptiven Reinigung von Ausgangsmaterialien in der Dampfphase, das die Schritte 

"""IS Durchleiten eines Gasstromes des Ausgangsmaterials. der einen grSBeren Anteil eines nicht- 
sorbierbaren Gases im Gemisch mit einer Verunreinigung enthSlt. bei einer Temperatur von 

25 wenigstens 100* C. durch ein testes Adsorptions-Bett. das im aktivierten Zustand eine zeolitische 

Molekularsieb-Adsorbensmasse und Zeolitkristalle mit Faujasitstrulrtur. einem Si/AI-VerhSltnis von 1.0 
bis 25 und einer KationenSquivalenz von wenigstens 90% bezogen auf zweiwertige KaUonen mit 
einem lonenradius. grBBer als der des Cd** KaBons. enthSIt, v»obei die Verunreinigungen seieWiv an 
der Adsorbensmasse adsorbiert werden und ein Qasstrom mit einem niedrigeren Gehalt an Verun- 

30 reinigungen von dem Adsorptionsbett abgezogen vnrd: . ^ ^ u« e-Kj« /»\ 

(b) Beendigung der Durchleitung des Ausgangsmaterials in das Adsorptionsbett gemSfl Schntt (a) 
vor Durchbruch der Front der Verunreinigungen; und 

(c) Regenierung des Adsorptionsbettes bei einer Temperatur im Bereich von 55 'C bis weniger als 
100- C die hSher als die im Schritt (a) isl. mittels Durchleiten eines SpUlgasstromes. der weitgehend 

35 frei von wenigstens den Verunreinigungen ist. die aus dem Ausgangsmaterial entfemt werden sollen. 

durch das Bett in entgegengesetzte Richtung zur Strdmungsrichtung des Schritles (a) Ober einen 
Zeitraum. der ausreicht. urn die gewOnschte Menge der Verunreinigungen von der Adsorbensmasse 
zu desorbieren und aus dem Bett zu spQIen. 

40 2. Verfahren nach Anspruch 1 . bei dem die zweiwertige Kationenart einen lonenradius hat. der grSBer als 
der lonenradius von Ca ist. 

3. Verfahren nach Anspmch 2. bei dem das zweiwertige Kation Strontium ist. 

45 4. Verfahren nach Anspruch 2. bei dem das zweiwertige Kation Barium ist 

verfahren nach einem der AnsprUche 1 bis 4. bei dem die Temperatur des SpQIgases 70 bis 100' C 
betrSgt. 

Verfahren nach einem der AnsprOche 1 bis 5. bei dem das Reinigungsgas ein nicht-sorbierbares Gas 
ist. 

7. Verfahren nach Anspruch 1 . bei dem der Verunreinigungsanteil Wasserdampf enthSIt 

65 8. Verfahren nach Anspruch 7. bei dem der Verunreinigungsanteil Wasserdampf und Kohlendioxid enthMlt. 

Verfahren nach Anspruch 7. bei dem die Stromungsrichtung des SpUlgases in Schritt (c) abwSrts durch 
das Adsorptionsbett verlSuft. 



5. 



50 6. 



9. 



8 



EP 0 284 850 B1 



TO 



10. Verfahren nach Anspruch 7. bei dem das Spulgas durch Nutzung der Kompressionswarme einer 
anderen Qasphase innerhalb desselben Verfahrenssystems auf eine Temperatur von 55 bis 100'C 
gebracht wird. 

11. Verfahren nach Anspruch 10. bei dem das Ausgangsmaterlal Qber 0,1 ppm (v) Luft bis zum SStligungs- 
bereich von Wasserdampf enthalt und der SpQIgasstrom vom Ausgangsmaterial abgetrennter Stickstoff 
ist. 

12. Verfahren nach Anspruch 11. bei dem das StickstoffspUlgas auf 55 bis lOQ-C durch V^^armeaustausch 
mit der zugefQhrten Luft erhitzt wird. wobei die Ausgangstemperatur der zugefOhrten Luft gr60er als die 
Endtemperatur des Reinigungsgases aufgrund seiner Kompression Ist. 



76 



20 



25 



30 



35 



40 



45 



SO 



55 



9 



EP 0 284 850 B1 




10 



